
 
 

Pavement Design for 
Low Volume Roads 

 

 
53rd Annual Idaho Asphalt Conference 

Moscow, Idaho 
October 24, 2013 

 

 
John Duval, P.E. 

Principal Engineer 
PAVEMENT SERVICES, INC. 



County Roads 

Agricultural Access 

Rural Streets 

Gravel or BST Roads 

Types of Low Volume Roads? 

Photos Courtesy: Washington County, ODOT, and Vestas 



Low Volume Road Materials 

Hot Mix Asphalt 

Gravel 

Bituminous Surface 
Treatment 



Low Volume Roads—Failure 

Photo Courtesy: Vestas 



Low Volume Roads—Failure 

Photo Courtesy: Vestas 



Low Volume Roads—Failures 



Flexible Pavement Design 

 Flexible Pavement System 

Hot-Mix Asphalt Surface

Base Course  (Minimum CBR=80)

Subbase (Minimum CBR=20)

Frost Protection (As Appropriate)

Subgrade

(May Require Stabilization)

(May Require Stabilization)

Pr
og

re
ss

ive
ly 

st
ro

ng
er

 la
ye

rs
 

Source: Federal Aviation Administration 

 
Wearing Surface—HMA, BST 
 
Base Course (CBR 50-100) 
 
 
Subbase (Optional) 
 
Frost Proteaction (Optional) 
 
Subgrade 
 
 



CBR Method 

 

Subgrade Support

Wearing Surface

Subgrade

Subbase 

Base Course 

Approximate Line of 
Wheel-Load Distribution

Area of Tire Contact

Wheel Load

Must also guard 
against potential 
failure in base 
layers 

Source: Federal Aviation Administration 



Layered Elastic Design—Flexible  

 

Subgrade Support

Wearing Surface

Subgrade

Subbase 

Base Course 

Approximate Line of 
Wheel-Load Distribution

Area of Tire Contact

Wheel Load
Horizontal Strain and Stress 
at the bottom of the asphalt 

Vertical Subgrade Strain 

Source: Federal Aviation Administration 



Flexible Pavement Layer Parameters- 
LED vs CBR 

Wheel Load

Subgrade Support

LAYERED ELASTIC METHOD 
 
 SURFACE  ES, µS, h  
 
    BASE EB, µB, hB  
 
 SUBBASE ESB, µSB hSB  
 
 SUBGRADE ESG, µSG hSG  
 

CBR Method 
 
Not Defined  
 
CBR  
 
CBR  
 
CBR  
 

E = Elastic Modulus  
h = thickness 
μ = Poisson’s Ratio  

CBR = California Bearing Ratio 

Source: Federal Aviation Administration 



Flexible Pavement Design Process 

Design 

Climate 

Subgrade 

Traffic 

Pavement 
Section 

(AASHTO, AI) 



Start with a Field Investigation 

DCP 

Coring 
Boring/SPT 

Augering / Shallow 
Exploration 



Soil Investigations and Evaluation 

• Unified Soil Classification System (USCS) 
– ASTM 2487 

   GW             CL 
   GP              ML 
   GM             OL 
   GC             CH 
   SW             MH 
   SP              OH 
   SM             PT 
   SC 



Field Investigation 



Deflection Testing 



Seasonal Variation 



16th Street ESAL Calculations 

• Use 20-year Design Life 
• AADT =945 vehicles per 

day 
– School Buses = 10 
– Delivery Trucks = 4 
– Garbage Trucks = 2 
– Tractor/Semi-trailers = 1 

• Traffic Growth Rate = 
2% annually 



10,000 lb 
0.09 ESAL 

10,000 lb  
0.09 ESAL 

Single Unit (2-axle) Truck 

20,000 lb 
0.18  ESALs = + 



Single Unit (3-axle) Truck 

42,000 lb 
2.51 ESAL 

18,000 lb  
1.00 ESAL 

60,000 lb 
3.51  ESALs = + 



Tractor Semi-Trailer (5-axle) 

34,000 lb 
1.10 ESAL 

12,000 lb  
0.19 ESAL 

80,000 lb 
2.39  ESALs = + 34,000 lb 

1.10 ESAL 
+ 



16th Street ESAL Calcs 

Class Vehicle Type Day Year 20Y* (k) Factor 20Y* ESALs 

II Autos 503 183,595 3,672 0.00012 440 

III Pickups 425 155,125 3,103 0.008 24,824 

IV School Buses 10 1,950 39 1.0 39,000 

V Delivery Truck 4 1,460 29 0.18 5,220 

VI Garbage Truck 2 730 15 3.51 52,650 

IX 18-Wheelers 1 250 6.1 2.39 14,159 

Total 945 136,293 

*Adjusted for 2% growth per year 



Asphalt Institute SW-1 



Asphalt Institute SW-1 



Asphalt Institute SW-1 



Asphalt Institute SW-1 



Asphalt Institute SW-1 



Results – CBR 



Results – Base Thickness 



Results – Base Thickness 



Results – % Design Thickness 



Resources 
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